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(A2) 2 $k=1,2$
$l^{k}$ , . $k$
, $i=1,$ $\cdots,$ $l^{k}$ $p_{i}^{k}$ . , $\sum_{i}p_{i}^{k}=1$
. , $\mathrm{i}$ $x$ ,
$1-\exp(-\alpha_{i}^{k}x)$ . $\alpha_{i}^{k}>0$
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. $k$ , $n_{k}^{I}>0$ ,
$d_{k}^{I}>0$ . ,
. , .
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, $k$ $y_{k}\mathrm{B}\grave{\grave{\backslash }}$ .
(A2) ,
$\text{ }$ ,
(A4) $n_{k}>d_{k}$ , $k$ $y_{k}$ ,
. , $x^{k}=\{x_{i}^{k} , \mathrm{i}=1, \cdots, l^{k}\}$ .
$\sum_{i=1}^{f^{k}}c_{i}^{k}x_{i}^{k}=y_{k}$ , $x_{i}^{k}\geq 0,$ $i=1,$ $\cdots,$ $l^{k}$ . (1)
, $k$ , $yk$ $x^{k}$ $P_{k}(x^{k})$
.
$P_{k}(x^{k})= \sum_{i=1}^{l^{k}}p_{i}^{k}(1-\exp(-\alpha_{i}^{k}x_{i}^{k}))=1-\sum_{i=1}^{l^{k}}p_{i}^{k}\exp(-\alpha_{i}^{k}x_{\mathrm{i}}^{k}.)$ . (2)
, $k$ , (1) $P_{k}(x^{k})$
. (2) 2 .
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$k=1,2$ , , $n\ovalbox{\tt\small REJECT}$
, $i$ (A2) $\alpha_{i}$ ,
. , $\mathrm{i}$ 1
$c_{i}$ . , $i$ $x_{i}$ , (P)
, .
(P) $\beta(y)$ $=$ $\min_{X}\sum_{i=1}^{n}p_{i}\exp(-\alpha_{i}x_{i})$ (3)
$\mathrm{s}..t$ . $\sum_{i=1}^{n}c_{i}x_{i}=y$, $x_{i}\geq 0,$ $\mathrm{i}=1,$ $\cdots,n$ . (4)
(P) $k$ $\beta_{k}(y),$ $k=1,2$ , . (P)
, $y$ $\beta_{k}(y)$ . , $\beta_{k}(0)=1$ ,
$yarrow\infty$ $\lim_{yarrow\infty}\beta_{k}(y)=0$ .
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, $\beta_{k}(y)$ , 3
. 1, 2 $y_{1},$ $y_{2},$ $y_{1}+y_{2}=C$ , .
(A3) , $k$ .
$-d_{k}^{I}(1-\beta_{k}(y_{k}))+n_{k}^{I}\beta_{k}(y_{k})=-d_{k}^{I}+(n_{k}^{I}+d_{k}^{I})\beta_{k}(y_{k})$ . (5)
LG( ) . (A4) , 2
.
- $\sum_{k=1}^{2}\{d_{k}(1-\beta_{k}(y_{k}))+n_{k}\beta_{k}(y_{k})\}=-\sum_{k=1}^{2}\{d_{k}+(n_{k}-d_{k})\beta_{k}(y_{k})\}$ . (6)
$k$ LG( ) , (6) $k$ ,
.
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$q_{k}$ , (5) , $y$ $k$
$f_{k}(y_{k}, q_{k})$ .
$f_{k}(y_{k},q_{k})=q_{k}\{-d_{k}^{I}+(n_{k}^{I}+d_{k}^{I})\beta_{k}(y_{k})\}$ , $k=1,2$ . (8)
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, (6) , $h(y, q)$ .
$h(y, q)=- \sum_{k=1}^{2}q_{k}\{d_{k}+(n_{k}-d_{k})\beta_{k}(y_{k})\}$ . (9)
$f_{k}(y_{k}, q_{k})$ , $\beta_{k}(y)$ , $q_{k}>0$
$f_{k}(0,q_{k})=q_{k}n_{k}^{I}>0$ , $\lim_{yarrow\infty}f_{k}(y,q_{k})=-q_{k}d_{k}^{I}<0$ (10)
, $q_{k}=0$ . $n_{k}>d_{k}$ ,
$h(y, q)$ , $q=(q_{1}, q_{2})=0$ , $q$
.
, $q$ , $y$ ,
$q^{*},$ $y^{*}$ ,
.
$f_{k}(y_{k}^{*}, q_{k}^{*})$ $=$ $\max_{qk}f_{k}(y_{k}^{*},q_{k})$ , $k=1,2$ , (11)
$h(y^{*},q^{*})$ $=$ $\max_{y}h(y,q^{*})$ . (12)
, , $q_{k}$ $0\leq q_{k}\leq 1$ , $y$ $\Pi=\{y|y_{1}+y_{2}=$






, $\lambda$ $\lambda$ . , $[]^{+}$
$[x]^{+}= \max\{0, x\}$ .
$\sum\frac{c_{i}}{\alpha_{i}}n[\log\frac{\alpha_{i}p_{i}}{\lambda c_{i}}]^{+}=y$ . (13)
$i=1$
$(0, \max_{i}\alpha_{i}p_{i}/c_{i}]$ . , $x_{\dot{x}}^{*}$ $=1,$ $\cdots,$ $n$ ,
.
$x_{i}^{*}= \frac{1}{\alpha_{\mathrm{i}}}[\log\frac{\alpha_{i}p_{i}}{\lambda c_{\dot{\mathrm{t}}}}]^{+}$ , $\mathrm{i}=1,$ $\cdots,$ $n$ . (14)





, $\beta(y)$ , .
1 $\beta(y)$ $y$ . , .
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( ) . , $0<\gamma<1$ $\gamma$ $\beta(\gamma y_{1}+(1-\gamma)y_{2})<$
$\gamma\beta(y_{1})+(1-\gamma)\beta(y_{2})$ . , (3) $g(x)= \sum_{i=1}^{n}p_{i}\exp(-\alpha_{i}x_{i})$
$x$ . $A(y) \equiv\{x|\sum_{j=1}^{n} CjXj=y, X\mathrm{j}\geq 0, j=1, \cdots, n\}$
,
$\{\gamma x+(1-\gamma)x’|x\in A(y_{1}), x’\in A(y_{2})\}\subseteq A(\gamma y_{1}+(1-\gamma)y_{2})$
,
$\beta\langle\gamma y_{1}+(1-\gamma)y_{2})=$ $\min$ $g(x)\leq$ $\min$ $g(\gamma x+(1-\gamma)x’)$
$X\in A(\gamma y_{1}+(1-\gamma)y_{2})$ $X\in A(y_{1}),$ $X’\in A(y_{2})$
$<\mathrm{m}\mathrm{i}\mathrm{n}X\in A\{y_{1}),$$X’ \in A(y_{2})\{\gamma g(x)+(1-\gamma)g(x^{l})\}=\gamma\min_{X\in A(y_{1})}g(x)+(1-\gamma)\min_{X’\in A(y_{2}\rangle}g(x’)$
$=\gamma\beta(y_{1})+(1-\gamma)\beta(y_{2})$
. , $\beta(y)$ \sim . Q.E.D.
, , $d\beta(y)/dy$ . (13) , , $\lambda$
. , $y$ $\lambda$ , (14) $x_{i}^{*}$
. , $y$ $dy$ , $x_{i}^{*}>0$
, $\lambda=\alpha_{k}p_{k}/c_{k}$ $x_{k}^{*}=0$ 0 .
, $x_{k}^{*}$ . $x_{i}^{*}=0$ . $x_{i}^{*}>0$
$x_{k}^{*}$ , (14) $p_{i}\exp(-\alpha_{i}x_{i}^{*})=\lambda c_{i}/\alpha_{i}$ ,
$\frac{d\beta(y)}{dy}=\frac{g(x^{*})}{dy}=(\sum_{\{i|x^{*}>0\}},\frac{c_{i}}{\alpha_{i}}+\frac{c_{k}}{\alpha_{k}})\frac{d\lambda}{dy}$ (16)




. , $\grave{\grave{\backslash }}$ $y$ , , (13)
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$q_{k}^{*}$ (11) . $f_{k}(y_{k}, q_{k})$ (8) , y\sim
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, (10) , $-d_{k}^{I}+(n_{k}^{I}+d_{k}^{I})\beta_{k}(\overline{y_{k}}.)=0$ $y_{k}^{-}$ $\in(0, \infty)$









$f_{k}(y_{k}, q_{k}^{*})= \max_{q0\leq k\leq 1}f_{k}(y_{k},q_{k})=\max\{\mathrm{O}, -d_{k}^{I}+(n_{k}^{I}+d_{k}^{I})\beta_{k}(y_{k})\}$
(22)
(12) , 1 $h(y, q)$
$q_{1}=q_{2}=0$ $y$ , $q\neq 0$ .
, . , $\mathrm{V}^{\mathrm{a}}$
$y_{1}+y_{2}=C$ , $y_{1}^{*}$ ,
$y_{2}^{*}=C-y_{1}^{*}$ .
$y_{1}^{*}$ $=$ $\arg\max_{y0\leq 1\leq C}h((y_{1}, C-y_{1}),$
$(q_{1}, q_{2}))$
$=$ $\arg\max_{y0\leq 1\leq C}[-q_{1}\{d_{1}+(n_{1}-d_{1})\beta_{1}(y_{1})\}-q_{2}\{d_{2}+(n_{2}-d_{2})\beta_{2}(C-y_{1})\}]$ . (23)
, $C$ .
2 $\overline{y_{1}}+\tilde{y_{2}}$ $C$ , $y^{*},$ $q^{*}$ ? $y_{k}^{*}>\tilde{y_{k}},$ $k=1,2$ , $y^{*}\in\Pi$
$q_{1}^{*}=q_{2}^{*}=0$ .
( ) $y_{k}^{*}>\tilde{y_{k}},$ $k=1,2$ , , (20) ,
$q_{1}^{*}=q_{2}^{*}=0$ . $h(y, q^{*})$ ,
$y$ . , $y^{*}$ $q^{*}$
$|,\mathrm{a}$ . Q.E.D.
2 , $C\leq\overline{y_{1}}+\tilde{y_{2}}$ .
3 $y^{*}=(y_{1}^{*}, y_{2}^{*})\in\Pi$ , $y_{1}^{*}\leq\tilde{y_{1}},$ $y_{2}^{*}\leq\tilde{y_{2}}$ .
( ) , $y_{1}^{*}>\overline{y_{1}}$ . $C\leq\overline{y_{1}}+\tilde{y_{2}}$ , $y_{2}^{*}$ $\overline{y_{2}}$ ,
, $y_{1}=\tilde{y_{1}}+\epsilon,$ $y_{2}=y_{2}^{*}+y_{1}^{*}$ $\tilde{y_{1}}-\epsilon$ , $\mathrm{E}\not\in(y_{1}, y_{2})$ . , $\epsilon$ $0<\epsilon<y_{1}^{*}-\ovalbox{\tt\small REJECT}$
, $y_{2}^{*}+y_{1}^{*}-\tilde{y_{1}}-\epsilon<\tilde{y_{2}}$ { . , $\max\{0, y_{1}^{*}-\tilde{y_{1}}+y_{2}^{*}-\tilde{y_{2}}\}<\epsilon<y_{1}^{*}-\tilde{y_{1}}f\mathit{1}$
$\epsilon$ . , $y_{1}^{*}>\overline{y_{1}}$ , $y_{1}>\tilde{y_{1}}$ , $k=1$ $q_{1}=0$
. , $y_{2}^{*}$ $y_{2}<\tilde{y_{2}}$ , 2 $q_{2}=1$ .
$q=(0_{7}1)$ , (9) $h(y^{*}, q)<h(y, q)$ , y*\emptyset i‘g’r\not\subset . $y_{2}^{*}>\tilde{y_{2}}\text{ }$
, . Q.E.D.
$\backslash \not\in\backslash r\mathrm{f}\mathrm{B}$ , $c\leq\tilde{y_{1}}+\tilde{y_{2}}$ $\ovalbox{\tt\small REJECT}^{\mathrm{B}}$ . ,
$e=(1,1)$ .
1 , $\max\{0, C-\overline{y_{2}}\}\leq y_{1}\leq\min\{C,\tilde{y_{1}}\}$ $y_{1}^{*}= \arg\max_{y1}h((y_{1}, C-y_{1}),$ $e)$ . $y_{2}^{*}=$
$C-y_{1}^{*}$ , $y^{*}$ $\theta^{\mathrm{u}}$ . , $ffi\text{ _{}\backslash }\text{ _{}\backslash }$ q*{ .
(i) $y_{1}^{*}<\tilde{y_{1}}$ , $y_{2}^{*}$ $\tilde{y_{2}}$ , $y_{1}^{*}=\overline{y_{1}},$ $y_{2}^{*}=\tilde{y_{2}}$ , $q_{1}^{*}=q_{2}^{*}=1$ .
) $y_{1}^{*}=\tilde{y_{1}}$ ,
$q_{1}^{*}=(n_{2}-d_{2})\lambda_{2}(y_{2}^{*})/(n_{1}-d_{1})\lambda_{1}(y_{1}^{*})$ , $q_{2}^{*}=1$ , (24)
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(iii) $y_{2}^{*}=\tilde{y_{2}}$ ,
$q_{1}^{*}=1$ , $q_{2}^{*}=(n_{1}-d_{1})\lambda_{1}(y_{1}^{*})/(n_{2}-d_{2})\lambda_{2}(y_{2}^{*})$ . (25)
( ) . $h((y_{1}, C-y_{1}),$ $e)$ $y_{1}$ , $h^{l}((y_{1},1-y_{1}),$ $e)=$
$-(n_{1}-d_{1})\beta_{1}’(y_{1})+(n_{2}-d_{2})\beta_{2}’(C-y_{1})$ , 1 , $y_{1}$ , ,
$y_{1}^{*}= \min\{C,\overline{y_{1}}\}$ $h((y_{1}, C-y_{1}),$ $e)$ ,
$(n_{1}-d_{l})\beta_{1}’(y_{1}^{*})\leq(n_{\mathit{2}}-d_{\mathit{2}})\beta_{2}’(C-y_{1}^{*})$ (26)
, $y_{1}^{*}= \max\{0, C-\tilde{y_{2}}\}$
$(n_{1}-d_{1})\beta_{1}’(y_{1}^{*})\geq(n_{2}-d_{2})\beta_{2}’(C-y_{1}^{*})$ (27)
.
(i) (20) , $y_{1}^{*}<\tilde{y_{1}},$ $y_{2}^{*}$ $\tilde{y_{2}}$ $(y_{1}^{*}, y_{2}^{*})$ $q_{1}^{*}=q_{2}^{*}=1$ , $y_{1}^{*},$ $y_{2}^{*}$ $q^{*}$
(23) . , $y_{1}^{*}=\tilde{y_{1}},$ $y_{2}^{*}=\overline{y_{2}}$ $q_{1},$ $q_{2}$
, $q_{1}=q_{2}=1$ , $y_{1}^{*},$ $y_{2}^{*}$ .
(ii) , $y_{1}^{*}=\tilde{y_{1}}$ $h((y_{1}, C-y_{1}),$ $\mathrm{e})$ , (26) . (17)
, (24) $q_{1}^{*}$ $0\leq q_{1}^{*}\leq 1$ . , $-q_{1}^{*}(n_{1}-d_{1})\beta_{1}’(y_{1}^{*})+(n_{2}-$
$d_{2})\beta_{2}’(C-y_{1}^{*})=0$ , $y_{1}^{*}$ $h((y_{1}, C-y_{1}),$ $(q_{1}^{*}, 1))$ .
, $y_{1}^{*}=\tilde{y_{1}},$ $y_{2}^{*}<\overline{y_{2}}$ $(y_{1}^{*}, y_{2}^{*})$ $(q_{1}^{*}, q_{2}^{*}=1)$ .
(ih) (ii) $\langle$ , (25) $q_{2}^{*}$ $0\leq q_{2}^{*}\leq 1$ , $-(n_{1}-d_{1})\beta_{1}’(y_{1}^{*})+q_{2}^{*}(n_{2}$ -
$d_{2})\beta_{2}’(C-y_{1}^{*})=0$ , $y_{1}^{*}=C-y_{2}^{*}$ $\tilde{y_{1}}$ , $y_{2}^{*}=\tilde{y_{2}}$ $(y_{1}^{*}, y_{2}^{*})$ $(q_{1}^{*}=1, q_{2}^{*})$
. Q.E.D.
$y \iota\equiv\max\{0, C-\tilde{y_{2}}\}\leq y_{1}\leq y_{\mathrm{u}}\equiv\min\{C,\tilde{y_{1}}\}$ $y_{1}^{*}= \arg\max_{y1}h((y_{1},$ $C-$
$y_{1}),$ $e)$ , $y_{1}$ , .
, $\lambda_{k}(y)$ (18) .
$\text{ }$ 1 $q$) $y_{1}^{*}\text{ }$ $\text{ }J\triangleright:\grave{\supset}\backslash$ $\lambda^{\grave{\backslash }}\text{ }$
(i) $(n_{1}-d_{1})\lambda_{1}(y_{l})-(n_{2}-d_{2})\lambda_{2}(C-y\iota)\leq 0$ , $y_{1}^{*}=y_{l}$ .
(ii) $(n_{1}-d_{1})\lambda_{1}(y_{u})-(n_{2}-d_{2})\lambda_{2}(C-y_{u})\geq 0$ , yl*=y .




(S1) (21) , $\tilde{y_{1}},\tilde{y_{2}}$ . (15) ,
$\sum_{\{i|\lambda_{k}\geq\alpha_{i}^{k}p^{k}/c^{k}\}}.\cdot\dot{.}p_{i}^{k}+\lambda_{k}\sum_{/\{i|\lambda_{k}<\alpha_{j}^{k}\mathrm{p}_{i}^{k}c_{i}^{k}\}}c_{i}^{k}/\alpha_{i}^{k}=\frac{d_{k}^{I}}{d_{k}^{I}+n_{k}^{I}}$




(S2) $\tilde{y_{1}}+\overline{y_{2}}$ $C$ , 2 , $y^{*},$ $q^{*}$ . $q^{*}=0$
, .
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(S3) $C\leq\tilde{y_{1}}+\tilde{y_{2}}$ , $y_{1}^{*}$ $y_{1}^{*},$ $y_{2}^{*}=C-y_{1}^{*}$ ,
$\lambda_{1}(y_{1}^{*}),$ $\lambda_{2}(y_{2}^{*})$ 1 , $y^{*},$ $q^{*}$ .
$k=1,2$ $i$ , (14) .
$x_{i}^{k*}= \frac{1}{\alpha_{i}^{k}}[\log\frac{\alpha_{i}^{k}p_{i}^{k}}{\lambda_{k}(y_{k}^{*})c_{i}^{k}}]^{+}$ , $\mathrm{i}=1,$ $\cdots,$ $l_{k}$ .
4
2 . $k=1$ 4 $(l^{1}=4)$ , 2 3
$(l^{2}=3)$ , , $p_{i}^{k}$





$l^{k}$ $p_{1}^{k}$ $p_{2}^{k}$ $p_{3}^{k}$ $p_{4}^{k}$ $\alpha_{1}^{k}$ $\alpha_{2}^{k}$ $\alpha_{3}^{k}$
$\alpha_{4}^{k}$
$1$ 3 2 3 5 4 0.3 0.2 0.4 0.1 0.5 0.3 0.4 0.51
2 5 3 4 3 3 0.5 0.3 0.2 0.3 0.4 0.4
, $(y_{1}, y_{2})$ , $(q_{1}, q_{9}\sim)$ (8), (9)
.
$f_{1}(y_{1}, q_{1})=q_{1}\{-5+\mathrm{S}\beta_{1}(y_{1})\}$ , $f_{2}(y_{2}, q_{2})=q_{2}\{-3+7\beta_{2}(y_{2})\}$ , (28)
$h(y, q)=-q_{1}\{2+\beta_{1}(y_{1})\}-q_{2}\{3+2\beta_{2}(y_{2})\}$ . (29)
1 $C$ 2 11 , $y_{k}^{*}$ , 2
$q_{k}^{*}$ . 1 , [0, 3.1], $[3.1, \mathrm{S}.7],$ $[8.7,10.3]$
. $k$ $f_{k}(y_{k}, 1)=0$
, $\tilde{y_{1}}=3.5,\tilde{y_{2}}=6.\mathrm{S}$ , $C$ $\tilde{y_{1}}+\tilde{y_{2}}=10.3$









2 3 4 5 6 7 8 9 10 11
$\mathrm{c}$
2,
(1) $0\leq C\leq 3.1$ :
$C$ , $\beta_{k}(0)=1,$ $k=1,2$ , $f_{k}(y_{k}, 1)>0$ ,
$q_{1}^{*}=q_{2}^{*}=1$ . $h^{l}((y_{1}, C-y_{1}),$ $e)=$
$-\beta_{1}’(y_{1})+2\beta_{2}’(C-y_{1})$ $y_{1}$ , (17) (19) $\beta_{1}’(0)=-0.16,$ $\beta_{2}’(0)=-0.15$
, $C\approx \mathrm{O}$ $\beta_{1}’(0)>2\beta_{2}’(0)$ . $h’((y_{1}, C-y_{1}),$ $e)<0$ , $y_{1}^{*}=0$
. $y_{1}^{*}=0,$ $y_{2}^{*}=C$ , $C=3.1$ $\beta_{1}’(0)=2\beta_{2}’(C)$ .
(2) $3.1\leq C\leq 8.7$ :
$18\mathrm{B}$
, $h’((y_{1}^{*}, C-y_{1}^{*}),$ $e)=0$ \beta {(yl*)=2\beta \acute (C-y
, $y_{1}^{*},$ $y_{2}^{*}=C-y_{1}^{*}$ $C$ . , $y_{2}^{*}$ $\tilde{y_{2}}=6.8$ ,
2 $q_{2}^{*}=1$ .
(3) $8.7\leq C\leq 10.3$ :
, 2 $y_{2}$ $\tilde{y_{\underline{9}}}$ , $q_{2}^{*}=0$
, $C$ 1 $y_{1}^{*}$
. , $y_{1}^{*}$ , $y_{2}^{*}$ $\tilde{y_{2}}$ .
, $y_{1}^{*}$ $h((y_{1}, C-y_{1}),$ $(1, q_{2}^{*}))$ $h’((y_{1}^{*}, C-y_{1}^{*}),$ $(1, q_{2}^{*}))=$
$-\beta_{1}’(y_{1}^{*})+2q_{2}^{*}\beta_{2}^{l}(C-y_{1}^{*})=0$ $q_{2}^{*}$ , 2 ,
$y_{1}^{*}$ $\tilde{y_{1}}=3.5$ , $C\geq 10.3$ ,
$q_{1}^{*}=q_{\underline{2}}^{*}=0$ , .
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